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THE EFFECT OF AREA AND ASPECT RATIO ON THE YAWING MOMENTS OF
RUDDERS AT LARGE ANGLES OF PITCH ON THREE FUSELAGES

By Huere L. DrYpeN AND B. H. MoNisE

SUMMARY

In view of the paucity of data on the effect of systematic
changes in the vertical tail surfaces, measurements have
been. made of the yawing moments produced by rudder
displacement for seven rudders mounted on each of three
fuselages at angles of pitch of -0°, 8°, 12°, 20°, 30° and
40°.  The dimensions of the rudders were selected to
cover the range of areas and aspect ratios commonly used,
while the ratios of rudder area to fin area and of rudder
chord to fin chord were kept approzimately constant.

An important result of the measurements is fo show
that increased aspect ratio gives increased yawing mo-
ments for a given area, provided the mazimum rudder
displacement does not exceed, say, 26°. If large rudder
displacements are used, the effect of aspect ratio 18 not 80
great.

The work was conducted at the Bureau of Standards
in cooperation with the Aeronautics Branch of the De-
partment of Commerce and the National Advisory Com-
miltee for Aeronautics.

INTRODUCTION

Previous studies of the effectiveness of rudders have
usually been made in connection with the design of &
particular airplane. By the method of trial and error,
gn arrangement of the vertical surfaces is found which
gives a satisfactory yawing moment for a given angular
displacement of the rudder as judged by comparison
with measurements on models of airplanes whose rud-
der control is known to be satisfactory. Such measure-
ments do not readily lend themselves to analysis or to
the determination of the influehice of the several fac-
tors, such as the area and aspect ratio of the vertical
tail surfaces, on the magnitude of the yawing moments.
The present investigation represents a beginning at
least of a systematic study of the effect of the area
and the aspect ratio of the vertical surfaces, of the
angle of pitch, and of the shape of the fuselage on the
yawing moments produced by rudder displacement.

DESCRIPTION OF APPARATUS AND MODELS

Wing.—The model is a monoplane and is of wooden
construction. The wing is rectangular in plan form,
heving a chord of 10 inches and & span of 60 inches.

The profile and coordinates of the wing section (the
Clark Y) are given in Figure 1.

Fuselages.—Three different fuselage shapes were
used, designated as open flat deck, open round deck
and cabin. The shapes and dimensions are shown in
Figures 2, 3, and 4. The open flat deck and open
round deck fuselages differ only in the shape of the
upper part of the fuselage aft of the front cockpit.
The length of the fuselage is 65 per cent of the wing
span. The location of the wing was determined to
satisfy the following relations: (1) the center of grav-
ity to be 50 per cent of the wing span forward of the
rear end of the fuselage (which was to be the rudder
axis); (2) the center of gravity to be at a distance
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[Per cenf]Clart Y section|Per cent|Clork Y section
lof choro Upper [ Lower|of chord| Uoper |Lower
0 362 | ase| 40 |71.37 1 000
1.25 | 538 1.86 50 1049 | 0.00
25 6.43 1.42 60 8.13 | 0.00
5 783 | 0.9/ 70 734 | Q.00
75 879 .59 80 52/ | 000
/0 956 | 039 90 279 | .00
/15 1063 | 0.12 95 1.50 | 0.00
20 11.32 | 0.0! 100 o.12 | 000
30 /11.68 | 0.00

Source MA.CA. Report No. 233
F1GURE 1.—Dimensions of Clark Y wing section

equal to 25 per cent of the wing chord aft of the lead-
ing edge of the wing; (3) the leading edge of the wing
to be 35 per cent of the chord above the top of the
fuselage; (4) the angle of incidence of the wing to the
axis of the fuselage to be 4°. The position of the cen-
ter of gravity is indicated in Figures 2, 3, and 4 at C.
The cabin fuselage is a little shorter but all of the
above conditions were satisfied except (3). Instead of
relation (3), the chord of the wing was placed in coin-
cidence with the upper deck of the cabin fuselage.
Horizontal tail surfaces.—The area of the horizontal
tail surfaces was chosen equal to 15 per cent of the
wing area, and the chord as 50 per cent of the wing
chord. The span was adjusted to permit a cut-out to
give clearance for rudder displacements of 44°. A
rectangular plan form was used and the angle of inci-
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dence to the fuselage axis was made 0°. The dimen-
sions and arrangement are shown in Figure 5.
Budders.—To decrease the number of independent
variables, the plan form of rudder and fin was made
rectangular, the rudder hinge was located at the rear
end of the fuselage, the bottom of the rudder was set
at the bottom of the fuselage, and the top edge of
the rudder was placed in line with the top edge of the
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F1GURE 2.—Open flat deck fusalage

fin. In addition, an attempt was made to keep the
ratio of the area of the rudder to the area of the fin
constant and equal to 2.0 and the ratio of the chord
of the rudder to the chord of the fin constant and
equal to 1.14, these values being selected after a study
of the designs of present-day airplanes.

The airfoil sections of the several rudder and fin
groups were also maintained geometrically similar so
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far as possible. The section adopted is an arbitrary
one, having a thickness ratio of approximately 0.050
and built up of flat surfaces with & rounded nose.
The radius of curvature of the nose is approximately
one-fourth the maximum thickness of 0.0125 times the
chord. The maximum thickness is reached at one-
third the chord. The forward part of the section is
wedge-shaped ; from one-third the chord to the rudder
hinge, the thickness is constant; while the rudder itself
is wedge-shaped, tapering to a sharp trailing edge.
The surfaces were made of wood to an accuracy of 0.01
inch.

The primary variables were intended to be the area
of the rudder, which was to vary from 2 to 6 per cent
of the wing area, and the aspect ratio of the fin and
rudder group, which was to vary from 0.75 to 2.5.
In accordance with the most recently approved defini-
tion (reference 2) the area of the vertical fin contained
within the fuselage is not included in the fin area.
Seven models were originally selected, divided into
two groups, a constant area group and a constant aspect -
ratio group. Later an eighth model was interpolated
to study the effect of variation of the ratio of the chord
of the rudder to the chord of the fin.

The dimensions of the eight rudders are given in
Figure 5 and certain additional date is assembled in
Table I. Aspect ratio is defined as the ratio of the
square of the span (dimension B) to the area of rudder
and fin (excluding the part within the fuselage).
Area ratio when used without qualification is under-
stood to be the ratio of the area of rudder and fin to the

wing ares.

TABLE I
DIMENSIONS AND RELATED DATA ON THE MODEL RUDDERS
- Area of
Area of | Area of
Rudder | Span of |Chord of | Chord of | iyager | “gn | rudder 1o ATe8 of rudder and fin | Area of rudder | Area of rudder | Ohord of rudder

No. | Inches | inches | 5Quare | square ... /' | ratio ratio Wing area Wing area Area of fin Chord of fin

inches | inches | jj pae
) S—— 4.74 4.50 5.00 21.33 7.81 29.14 0.7 0.0486 0. 0368 2.7 0.900
b - 6.13 3.33 3.08 20.38 0.24 20. 62 1.26 L0494 . 0340 2.21 1,081
F: J—— 7.25 2.78 2.42 20.00 10.10 30.10 1.76, . 0502 L0333 188 1,140
4. 8.66 25 1.56 19.49 10.37 20,86 2.51 498 .03256 1.8 1.200
4A____ | 868 2.25 2.50 19.49 13.94 33.43 2.24 . 0556 .0325 1.40 . 900
| J— 5.62 2.14 1.88 12.03 4.80 18.83 188 .0280 . 0201 2.51 1,138
| J— 8.57 3.26 2.87 27.92 18.73 43. 66 168 .0728 L0465 .77 1.135
) (— 073 3.7 .25 36.00 19.50 57.50 1,85 . 0958 . 0600 1.85 1.138

It will be observed that because of conflicting re-
quirements it was not possible to secure an exact
constancy of all variables but one. In the variable
aspect ratio group including rudders 1, 2, 3, and 4, the
area ratio varies from 0.0486 to 0.0502, the ratio of
rudder area to fin area from 1.88 to 2.73, the ratio of
rudder chord to fin chord from 0.900 to 1.209. In
rudder 4A, the ratio of rudder chord to fin chord was
made 0.900 to agree with that for rudder 1, but the
area ratio was necessarily increased to 0.0555 and
the ratio of rudder area to fin area was reduced to 1.40.
In the variable area group, rudders 3, 5, 6, and 7, the
aspect ratio varies from 1.65 to 1.88, the ratio of_

rudder area to fin area from 1.77 to 2.51, and the ratio
of rudder chord to fin chord from 1.135 to 1.140. In
both groups there are small variations in the airfoil
section, the thickness ratio varying from 0.046 to
0.051 and the position of the maximum ordinate from
32 to 39 per cent of the chord. Except for rudders 1
and 4A, the variations are negligible, and are within
the accuracy of comstruction of the models. The
models selected therefore represent compromises, and
the effects of the shape of the airfoil section, the ratio
of rudder area to fin ares, and of rudder chord to fin
chord are not completely eliminated.
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The rudders were hinged to the fins as shown in
Figure 6. A brass plate on the end of the vertical fin
and cut to the shape of the fin cross section carried a
steel pivot which engaged a socket in a brass plate
fastened to the rudder. The gap between the rudder
and fin was sealed with a thin layer of petroleum jelly.

Wires running from the trailing edge of the rudder
were fastened to the horizontal tail surface to hold
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FI1GURE 3.—Open round deck fuselage

the rudder at any desired angle. The settings to the
desired angles were made by the aid of metal tem-
plates. These settings were made with respect to
the fixed surface, which had been aligned with the
axis of the model. The axis of the model was set at
the desired angle of pitch and at 0° yaw with respect
to the wind by means of reference lines determined in
previous tests by the usual methods, i. e., from results
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FIGURE 4.—Cabin fuselage

obtained on airfoils in the normal and inverted posi-
tions and from yawmeter readings.

Wind tunnel and balance arrangement.—The meas-
urements were made in the 10-foot wind tunnel of
the Bureau of Standards, which has been described in
reference 1. The model was mounted with the leading
edge of the wing vertical on a mast extending from
the tunnel wall as shown in Figure 7. On the end of
the mast and contained within a housing inserted in
the fuselage at the intended center of gravity position
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was & joint designed to give free motion in yaw about
an axis perpendicular to the axis of the fuselage and
in the plane of symmetry of the model, i. e., about a
“body” axis. No motion in roll was permitted, but
the angle of pitch could be varied and the model
locked at any desired angle of pitch. The yawing
moment was balanced by the tension in a vertical
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FI1GURE 8, —Dimensions and arrangament of tail surfaces

wire running from & point on the fuselage near the
tail to a balance of the pendulum type. A counter-
weight was used when necessary to maintain tension
in the wire. The drag force on the wire tended to
bow the wire and thus change the angle of yaw. This
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Fraure 6.—Method of hinging rudders

effect and the similar change caused by motion of
the pan of the balance was eliminated by adjusting a
turnbuckle in the wire to keep the tail of the model
in a fixed position, determined by sighting a mark on

the tail through a fixed telescope.
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REDUCTION OF OBSERVATIONS
Observations were made of the balance readings
with each rudder set at 0°, 8°, 16°, 24°, 32°, and 44°
to the left and also to the right, the model remaining

at 0° yaw, for wind speeds of 40, 58.7, and 80 feet
per second (27.3, 40, and 54.5 miles per hour) and for
angles of pitch of 0°, 8°, 12°, 20°, 30°, and 40°. The
mean of the readings with rudder to the right and to
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FIGURE 8.—Yawing moment coefficlents for rudder No. 1 (aspect ratio 0.77,
area ratio 0.0486) on open flat deck fuselage. (Angles marked on- curves
are rudder angles)

the left was used to compute the mean yawing moment
produced by the given rudder displacement, a pro-
cedure which greatly reduces errors due. to lack of
symmetry and faulty alignment with the wind. The
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F1GURE 9.—Yawing moment coefficlents for rudder No. 2 (aspect ratio 1.28,
area ratio 0,0494) on open flat deck fuselage. (Angles marked on curves are
rudder angles)

results were then reduced to the usual dimensionless
coefficients in accordance with the relation )
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N *
ON=§7—S'
where
Cy—absolute yawing moment coefficient
N —yawing moment due to & given rudder dis-
placement in pounds-feet
g —velocity pressure=¥,V?=0.001189 V*
V —wind speed in feet per second
p —the density of air, i. e., 0.002378 slugs per
cubic foot at 15° . and 760 mm pressure
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F16URE 10.—~Yawing moment coefliclents for rudder No. 3 (aspect ratio 1.75,
area ratio 0.0502) on open flat deck fuselage. (Angles marked on curves are
rudder angles)

S —wing area in square feet (chord length X
span)

f —the distance in feet from the center of rota-
tion of the model to the hinge line of the
rudder (30 inches for the models used.
See figs. 2, 3, and 4).

.08 T
=i
] \°
of
c 2.43 h\o\\\“\\\
Gl T‘T
.02 g, = ==
o 5° J10° |5° 20° 25° 30° 35° 40°
Fifch angle

FIGURE 11.—Yawing moment coeficlents for rudder No. 4 (aspect ratlo 2.51,
area ratio 0.0408) on open flat deck fuselage. (Angles marked on curves
are rudder angles)

Moments tending to move the right wing tip to the
rear as viewed from the pilot’s seat are positive.
Displacement of the rear edge of the rudder toward
the right wing tip gives positive moments. The
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FIGURE 12—Yawing moment coeflicients for rudder No. 5 (aspect ratio 1.88,
area ratlo 0.0280) on open flat deck fuselage, (Angles marked on curves
are rudder angles)

values given are averages for right and left displace-
ments.

* Note that f13 used Instead of the span, . The coefliclent, Cx recantly adopted

by the N. A. O. A, is equal for this model to 34 Cx.
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Since the scale effect was small as shown by the ab-
sence of systematic variation of Cy with speed, the
values for the three speeds were plotted and a faired
curve drawn through all the points. Values from the
faired curves are plotted in Figures 8 to 29 inclusive.
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Fraure 13,—Yawing moment coeflicients for rudder No. 8 (aspect ratio 1.68,
area mtlo 0.0728) on open flat deck fuselage. (Angles marked on curves
aro rudder angles)

A consideration of the sensitivity of the balance
and the steadiness of its reading fixes the final pre-

cision of Oy as about +0.001. Since the curves may
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FI1GURE 14.—Yawing moment coefficients for rudder No. 7 (aspect ratio 1.65,
area ratlo 0.0958) on open flat deck fuselage. (Angles marked on curves
are rudder angles)

easily be read to this precision, tabular values are not
given,
ANALYSIS OF THE RESULTS

Reference to Figures 8, 9, 10, and 11 shows that the

variation of Oy with rudder angle is in all cases ap-
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FIGURE 15.—Yawing moment coefficients for rudder No. 1 (aspect ratio 0.77,
area ratio 0.0486) on open round deck fuselage. (Angles marked on curves
are rudder angles)

proximately linear for angles up to 20° or 25°. The
rate of variation increases with increase in aspect
ratio, so that if rudder angles are limited to 20° or
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25°, increased yawing moments can be obtained by
increasing the aspect ratio without increase of area.
However, it will be noted that for small aspect ratio
(fig. 8) the yawing moment increases almost linearly
with rudder angle up to the greatest angle used, 44°,
whereas for large aspect ratio (fig. 11), .the rate of

A4e
32° ok
.04
ze | T TP
G f s — ——
16° I e
.02 , s o
82 T
d
1
o &° [0 I5°  20° 25° 30° 35° 40°
Pitch angle

FIGURE 16.—Yawing moment coefficients for rudder No. 2 (aspect ratio 1.28,
area ratio 0.0464) on open round deck fuselage. (Angles marked on curves

are rndder angles)
increase falls off greatly above rudder angles of 25°.
The values of the yawing moment for a rudder dis-
placement of 44° show only a small variation with
aspect ratio. Hence if the rudder travel may be as
large as 44°, there is little advantage in increasing the
aspect ratio.
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FIGURE 17.—Yawing moment coefficlents for rudder No. 3 (aspect ratlo 1.75,
area ratio 0.0502) on open round deck fuselage. (Angles marked on corves
are rudder angles)

The effect of increasing the angle of pitch from angles
below thestalling angle of the wing to angles above the
stall is to greatly decrease the yawing moment at a
given rudder setting. However at large angles of
pitch and large rudder angles, the yawing moment
does not continue to decrease with increasing angle of
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FI1GURE 18,—Yawing moment coefficlents for rudder No. 4 (aspect ratio 2.51,
area ratio 0.0498) on open round deck fuselage. (Angles marked on curves
are rudder angles)

pitch but remains nearly constant or even increases
slightly. For rudder angles less than 25°, the decrease
is greatest for rudders of large aspect ratio so that the
effect of aspect ratio is relatively less important at high
angles of pitch than at low angles. For large rudder
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FIGURE 19.—Yawing moment coefficients for rudder No. 5 (aspect ratio 1.88,
area ratio 0.0250) on open round deck fuselage. (Anglesmarked oncarvesare
rudder angles)
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FIGURE 20.—Yawing moment coeficlents for rudder No. 6 (aspect ratio 168,
area ratio 0.0728) on open round deck fuselage, (Angles marked on curves
are rudder angles)
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FIGURE 21.—Yawing moment coefficlents for rudder No. 7 (aspect ratio 1.65,
area ratio 0.0958) on open round deck [uselage. (Angles marked on curves
are rudder angles)
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FIGURE 22.—Yawing moment coeficlents for rudder No. 1 (aspect ratlo 0.77,
area ratio 0.0486) on cabin fuselage. (Angles marked on curves are rudder
angles)
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FIGURE 23.—Yawing moment coefficients for rudder No. 2 (aspect ratlo 1.26,
area ratio 0.0494) on cabin fusalage. (Angles marked on curves are rudder

angles)
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FIGURE 24.—Yawing moment coeficlents for rudder No. 3 (aspect ratlo 1.75,
area ratio 0.0502) an cabin fuselage. (Angles marked on curves are rudder

angles)
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FIGURE 25.—Yawing moment coefficlents for rudder No. 4 (aspect ratlo 2.61,
area ratio 0.0408) on cabin fuselage. (Angles marked on curves are rudder

angles)
.06,
\\4.'40
- 2N
.04
R EEANSS===.
N — 1. =
= ——
.02 A o
0 Y5 J0*  /5° 20° 25° 30° 35° 40°
Pitch angle

FIGURE 26.—Yawing moment coefiicients for rudder No. 4A. (aspect ratlo 2.24,
area ratio 0.0555) on cabin fuselage. (Angles marked on curves ars rudder

angles)

.04

Cx v

N0 R e e
76 == 3
E] —

o 5°  /0° I5° 20° 2&5° 30° 35° 40°

Pitch angle

FIGURE 27.—Yawing moment coeficients for rudder No. § (aspect ratio 1.88,
area ratio 0.0280) on cabin fuselage. (Angles marked on curves are rudder

angles)
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angles (44°), on the other hand, the decrease is great-
est for rudders of small aspect ratio and the rudder
moment falls off rapidly between angles of pitch of 10°
to 30°. With rudders of larger aspect ratio, the de-
crease in the rudder momentisless. (Compare figs. 34
and 35, 36 and 37.)

The mass of data given in Figures 8 to 29 is of lim-
ited value unless some attempt at analysis is made.
Tigures 30, 31, 32, and 33 are cross plots, illustrating
the effect of area-ratio, i. e., the ratio of the area of
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FIGURE 28.—~Yawing moment coefficients for rudder No. 6 (aspect ratio 1.68,
area ratio 0.0728) on cabin fuselage. (Apgles marked on curves are rudder
angles)

rudder and fin to the wing area. It will be noted that
the variation is approximately linear, but the lines do
not pass through the origin. If attention is confined
to rudder angles less than 25°, it will be observed that
the curves may be fitted reasonably well by lines inter-
secting the axis of abscissas at the point, area ratio
=0,0075. Hence, within the limits, 0.03 to 0.10,
for the area ratio, we may assume that the yawing
moment is proportional to (area ratio—0.0075).
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FIGURE 29,—Yawing moment coeflicients for radder No. 7 (aspect ratio 1.65,
area ratio 0.0958) on cabin fuselage. (Angles marked on curves are rudder
angles)

Tigures 34, 35, 36, and 37 illustrate the effect of aspect
ratio. The relations are here not so simple.

At 0° angle of pitch, the large rudder moments ob-
tainable with large rudder angles (in the neighbor-
hood of 44°) depend upon the area ratio rather than
the aspect ratio. For rudder angles roughly 25° and
less and for high angles of pitch in the neighborhood
of 30°, the rudder moments increase with aspect ratio.
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In order to give a general picture of the data in con-
densed form, an attempt was made to fit the data by
means of empirical curves. In this analysis attention
was centered on rudder angles less than 25°, and the
first step was to compute the average slopes of the
curves of yawing moment coefficient against rudder
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FI1GURE 30.—Eflect of area ratio (aspect ratio 1.65-1.88) on yawing moment coeffi-
clents of rudders on open round deck fuselage at 0° pitch. (Angles marked om
curves are rudder angles)
angle. (The curves are not published.) The next step
was to divide the average slopes by the quantity (area
ratio —0.0075). The numbers so obtained were plotted
as s function of the aspect ratio for each fuselage and
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FIGURE 31.—Eflect of area ratio (aspect ratio 1.65-1.88) on yawing moment coaffi-

clents of rudders on open round deck fuselage at 30° pitch. (Angles marked on
curves are rudder angles)
angle of pitch and fitted by empirical curves. The
final results are summarized in Tables IT and ITI, in
which §=rudder angle, A, =area ratio, 4,,~aspect
ratio.
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TABLE II

EMPIRICAL EQUATIONS REPRESENTING OBSERVED
DATA ON YAWING MOMENTS DUE TO RUDDER
DISPLACEMENT

Cn=Coeflicient of yawing moment, 3=rudder angle (<25°), Ae=area ratio, A=

aspect ratio.

OPEX ROUXD DECK FUSELAGE

Angle of

pitch

® Cr=3(du—00075) (00370220

& Crm3(Aer—0.0075) (0.0445—2010
12° Cr=3(Ae—0.0075) (0.01204-0.0106
20° "y 3 (A gr—0.007 0.0107- 0098 A,
3 Cneed(Ae—0Q. 0.0000 100081
40° Cym= — 0.0092-10.0078 A,

OPEX FraT DECK FUSELAGE

= - 0.0231
Crod(dea—0.0078) (0.510~ A..)
O =3(Aer—0.0075) (aows—“%

Crm= A.r—O 0.01 .0091 A,
Cnw= 0.0: 0060
Cn=d Aa-—O.CO7 0.01 0055 Aq,,
Cym=d —0.0076) (0.01504-0.0047

OCABIN FUSELAGE
O 3( A er—0.0075) (um—&f
.-v-a(A.,—aoom (ams—‘lmﬁ

Cn=3 0.0147+0.0058A..
Cy=3 0060 Aq,,
Cy=d A.-—0.0(n

Cy= 0.0075) 0048 Ad)

5888 9 g

0011 0058 A,

BEER o o

Cx
§ (A.—0.0075)
at certain values of aspect ratio and angle of pitch are
computed and given in Table ITI.

From these equations, the value of.

TABLE III
VALUES OF ——C¥ ___ COMPUTED FROM EM-
3 (4,,—0.0075)

PIRICAL EQUATIONS

OFEX ROUND DECK FUSELAGE
[ o° 8° 1° 20° 30° 40°
Al.l
L0 0. 0270 0. 0256 Q. 0235 Q. 0206 Q.0177 0. 0170
L5 . 0338 . 0319 .0278 . 0254 . 0217 . 0209
2.0 0370 . 0351 . 0341 . 0303 0248
2.5 @370 034 . 0352 298 @287

OPEX F1AT DECK Fvsmﬁx
L0 0. 0269 Q. 251 0. 0241 0. 0210 0. 0205 Q.0197
L5 . 0356 . 0320 . 0288 . 0240 . 0233 . 0221
20 . 0395 . 0355 . 0332 . 0270 . 0260 L0244
25 .0417 . 0378 .37 . 0300 . 0287 . 0267

CABIR FUBELAGE

LO Q. 0276 0. 0229 Q205 Q. 0180 0. 0188 Q. 0115
LS . 0352 0274 L0234 .0220 . 0194 . 0139
20 . 0380 . 0297 . 0263 . 0250 <223 . 0163
2.5 . 0413 .Bu . 0292 . 0280 - 0250 . 0187

"Before drawing any conclusions from these tables, or
equations, some attention should be directed to the
precision with which the empirical equations fit the
observed data. It has already been stated that the
precision of measurement of Cy is+0.001. When the
deviations between the measurements and the empir-
ical curves are computed, it is found that two-thirds
of the deviations are less than 0.001 and nine-tenths
are less than 0.002. There is some evidence of sys-
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tematic deviation, especially in the case of rudder 1 of
aspect ratio 0.77, but on the whole, the fit is considered
satisfactory. The method of deriving the empirical
equations is such that no. fairing with angle of pitch
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F16URE 32—Eflect of area ratio (aspect ratlo 1.65-1.88) on yawing moment coofll-
cients of rudders on cabin fuselage at 0° pitch. (Angles marked on curves are
rudder angles)

has been made. Thus some discrepancies become ap-
parent on cross-plotting against angle of pitch.

The empirical equations are not suggested as appli-
cable to design problems in general. For example, the
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F1aURE 33.—Eflect of area ratio (aspect ratlo 1.65-1.88) on yawing moment coefll-
clents of rudder on cabin fuselage at 30° pitch. (Angles marked on curvesaro
rudder angles)

numerical values would have a limited significance in
dealing with biplanes, and the use of triangular fins or
vertical surfaces of more or less elliptical plan form
would most certainly modify the numerical values.
Data are not available to indicate the extent of the
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modification. Moreover, it is well known that the slip-
stream has an important effect on the rudder control.
Tt is not believed that the presence of the slipstream
would modify the conclusions as to the effects of area
ratio, aspect ratio, and fuselage shape.

Table ITII shows that at 0° pitch, the shape of the
fuselage has only a small effect on the rudder control.
The open flat deck fuselage and open round deck fuse-
lage are not greatly different at any point, but the
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FIGURE 34.—Effect of aspect ratlo (area ratio 0.0486-0.0502) on yawing moment
coefliclents of rudders on open round deck fuselage at 0° pltch. (Angles marked
on curves are rudder angles)

effectiveness of high aspect-ratio rudders falls off some-
what more rapidly with increasing angle of pitch on
the open flat deck fuselage. The effect of aspect ratio
to sustain the yawing moment at high angles of pitch
is slightly less for the flat deck than for the round deck
fuselage.

The cabin fuselage has a much greater interference
effect on the rudder moments at high angles of pitch,
as would be expected. The decrease in rudder mo-
ment begins at smealler angles and persists with increas-
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Fiaure 36—Eflect of aspect ratio (area ratio 0.0486-0.0502) on yawing moment
coofMclants of rudders on open round deck fuselage at 30° pitch. (Angles marked
on curves are rudder angles)

ing angle of pitch throughout the range. The values
at 40° are roughly two-thirds of those for the open
cockpit fuselages.

The effect of & change in aspect ratio-from 1 to 2 is
to increase the rudder control (rudder angles not ex-
ceeding 25°) by some 30 to 45 per cent. For the aver-
age size rudder such an increase could be produced
without a change of aspect ratio only by an increase in
area of some 20 to 35 per cent. Thus the effect of
aspect ratio appears to be of sufficient magnitude to
warrant consideration in design.
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CONCLUSION

The yawing moment produced by & rudder is ap-
proximately proportional to the angular displacement
of the rudder for angles less than 25° and the yawing
moment is larger when the aspect ratio is larger. The
yawing moment continues to increase with increasing
rudder angle at approximately the same rate for rud-
ders of small aspect ratio (<{1.2), but for rudders of
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F1aURE 38.—Eflect of aspect ratio (area ratio 0.0486-0.0502) on yawing moment
coefflclents of rudders on cabin fuselage at 0° pitch, (Angles marked on curves
are rudder angles)

large aspect ratio, the rate of increase falls off rapidly
above rudder angles of 25°. The value of the rudder
moment for rudders of large aspect ratio is however
never less than for rudders of the same area and smaller
aspect ratio.

The effect of increasing the angle of pitch is greatly
to decrease the yawing moment at & given rudder angle.
The decrease is greatest for rudders of large aspect
ratio, when the rudder angle is less than 25°; but when
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FIGURE 37.—Rflect of aspect ratio (area ratio 0.0486-0.0502) on yawing reoment
coefficlents of rudders on cabin fuselage at 30° pitch. (Angles marked on curves
are rudder angles)

the rudder angle is large (44°), the decrease is greatest
for rudders of small aspect ratio.

The ‘effect of the shape of the fuselage is quite
noticeable, being especially marked in the case of the
cabin fuselage. The shielding effects are such for the
cabin fuselage that the yawing moment due to a given
rudder setting at an angle of pitch of 40° is about two-
thirds of that for the opem cockpit fuselages. This
shielding is especially marked with rudders of small
aspect ratio.

When the aspect ratio is maintained constant,
the effectiveness of the rudder is linearly related to
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the area ratio, but increases somewhat faster than
in direct proportion.

The effect of aspect ratio is sufficiently large to be
considered in design. If rudder angles approaching
45° are permitted, the effect of increasing the aspect
ratio is small and may be ignored for practical pur-
poses unless the rudder is shielded by a large cabin
fuselage. If, however, the rudder angle is restricted
to 25° or less, an increase of rudder control of 30 to
45 per cent may be produced by increasing the aspect
ratio from 1 to 2. ~
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